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^vq ■ Abstract. The Tevatron Run-II started data-taking in spring 2001 and several 

searches for new particles have been performed. The preliminary 2005 results are 
\ concisely reviewed for the experiments CDF and D0. Model- independent and model- 

dependent limits on Higgs boson and Supersymmetric particle production are set and 
interpretations are given. Several limits from the LEP era have been extended. The 
outlook for the Tevatron and the prospects for the ATLAS and CMS experiments at 
the LHC for selected searches are briefly addressed. 
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1. Introduction 

The search for new particles is at the forefront of High Energy Physics. The discovery of 
a Higgs boson would shed light on electroweak symmetry breaking and the generation 
of mass in the Universe. Experimental evidence for Supersymmetric particles would be 
of equal importance and extend the Standard Model (SM) of particle physics. Many 
searches for new particles were performed at LEP and stringent limits on Higgs bosons 
in the SM and beyond were set. These limits are summarized in Table (from [Ij) and 
new model-independent limits and benchmark results in the Minimal Supersymmetric 
extension of the SM were recently presented Pj. The interpretations of the MSSM 
results depend significantly on the top quark mass. Results are presented for various 
top quark masses and the current (summer'05) value is rrit = 172.7 ± 2.9 GeV [3j. In 
addition to the limits from direct searches, some indication on the Higgs boson mass 
exist from precision electro- weak measurements, as shown in Fig. (from [4J). About 
300 pb~^ of data have been analyzed so far by each Tevatron experiment, while above 
1 fb~^ data have been recorded. Figure [21 (from shows the delivered luminosity and 
its expectations. 




itIh [GeV] [GeV] 

Figure 1. Left: Higgs boson mass prediction in the SM framework. The shift to a 
lower value (dotted line) from the new top quark mass measurement at the Tevatron 
Run-II is clearly visible. Right: old (pre-summer'05) results and the new smaller ellipse 
(dashed lines) prefer a region outside the SM Higgs boson mass band (mn = 114 to 
1000 GeV). The combined results from LEP-1 and SLD are shown separately (solid 
line). 

The Higgs boson searches at the Tevatron are discussed in Sec. 2. In Sec. 2.1 Higgs 
boson production and decay is addressed. Aspects of b-quark tagging are summarized 
in Sec. 2.2. The gluon fusion process gg ^ H (H ^ WW) is presented in Sec. 2.3. 
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Subsequently, the associated production processes WH (H ^ bb, WW) and ZH vVhh 
are discussed in Sec. 2.4. A summary of the cross section hmits is given in Sec. 2.5. 
The foUowing Higgs boson searches beyond the SM are presented in Sec. 2.6: bbA, 
A T^T~ ^ H 77, t H+b, and Supersymmetric particle searches at the 

Tevatron are reviewed in Sec. 3. First, the di-photon process in the GMSB interpretation 
is addressed in Sec. 3.1, then tri-lepton signatures (Sec. 3.2), scalar quarks and gluinos 
(Sec. 3.3), scalar tops and scalar bottoms (Sec. 3.4) and charged massive particles 
(Sec. 3.5). For the LHC, the prospects are briefly discussed in Sec. 4, flrst, for the 
SM Higgs boson (Sec. 4.1), then for Higgs boson searches beyond the SM (Sec. 4.2) and 
for Supersymmetric particles (Sec. 4.3). 
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Figure 2. Upper: delivered Tevatron luminosity. Lower: expected integrated 
delivered luminosity. 
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Table 1. Summary of Higgs boson mass limits at 95% CL. 'LEP' indicates a 
combination of the results from ALEPH, DELPHI, L3 and OPAL. If results from 
the experiments are not (yet) combined, examples which represent the different search 
areas from individual experiments are given. Details of the limit parameters are given 
in Ref. [U. 



Search 


experiment 


limit 


Standard Model 


LEP 


> 114.4 GeV 


Reduced rate and SM decay 




^2 > 0.05 : mn > 85 GeV 
> 0.3 : mn > 110 GeV 


Reduced rate and bb decay 




^2 > 0.04 : mn > 80 GeV 
^2 > 0.25 : mn > 110 GeV 


Reduced rate and t^t~ decay 




> 0.2 : mn > 113 GeV 


Reduced rate and hadronic decay 




^2 = 1 : mn > 112.9 GeV 
^2 > 0.3 : mn > 97 GeV 




ALEPH 


^2 > 0.04 : mn ~ 90 GeV 


Anomalous couplings 


L3 


d, c^B, A^ff , Ak,^ exclusions 


MSSM (no scalar top mixing) 


LEP 


almost entirely excluded 


General MSSM scan 


DELPHI 


mh > 87 GeV, mA > 90 GeV 


Larger top-quark mass 


LEP 


strongly reduced tan P limits 


MSSM with CP- violating phases 


LEP 


strongly reduced mass limits 


Visible/invisible Higgs decays 


DELPHI 


mn > 111.8 GeV 


Majoron model (max. mixing) 




mn,s > 112.1 GeV 


Two-doublet Higgs model 


DELPHI 


hA bbbb : m^ + mA > 150 GeV 


(for (Tmax) 




T~^T~T~^T~ : m\i + mA > 160 GeV 
(AA)A ^ 6b : mh + mA > 150 GeV 
(AA)Z ^ 4b Z : mh > 90 GeV 
hA qqqq : m^ + mA > 110 GeV 


Two-doublet model scan 


OPAL 


tan /9 > 1 : TTih ~ mA > 85 GeV 


Yukawa process 


DELPHI 


C > 40 : mh,A > 40 GeV 


Singly-charged Higgs bosons 


LEP 


mn± > 78.6 GeV 


W^A decay mode 


DELPHI 


mn± > 76.7 GeV 


Doubly-charged Higgs bosons 


DELPHI/OPAL 


mn++ > 99 GeV 


e+e" e+e" 


L3 


hee > 0.5 : mn++ > 700 GeV 


Fermiophobic H — ^ WW, TIL^^^ 


L3 


mn > 108.3 GeV 


H ^ 77 


LEP 


mn > 109.7 GeV 


Uniform and stealthy scenarios 


OPAL 


depending on model parameters 
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2. Higgs Boson Searches at the Tevatron 

Figure El (from [HI Ej) shows the estimated discovery and exclusion potential for the 
SM Higgs boson at the Tevatron, and the dominant Higgs boson production diagrams. 
Currently about 1 fb~^ luminosity has been recorded per experiment. It is expected that 
by the end of 2006 about 2 fb~^ will have been recorded, and about 8 fb~^ by the end 
of 2009, corresponding to a 95% CL exclusion sensitivity up to 120 GeV and 180 GeV, 
respectively. With the anticipated delivered luminosity, it is particularly important to 
increase the expected sensitivity in the vicinity of 140 GeV. 
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Figure 3. Left: expected Tevatron SM Higgs boson sensitivities from 1999 and 2003 
studies. Right: Higgs boson production graphs: gluon fusion, vector boson fusion 
(VBF), associated production WH and WZ. 



2.1. Production and Decay 

The expected cross section and branching ratios are shown in Fig. E| (from fS] and [HI) 
as a function of the Higgs boson mass. It is interesting to note that corresponding to 
the current coUected data sample of about 1 fb~^ about 1000 SM Higgs bosons of 120 
GeV could have already been produced at each experiment. For a SM Higgs boson mass 
below about 200 GeV the decay width is below 1 GeV which is much below the detector 
resolution. 

2.2. b- Quark Tagging 

The b-tagging capabilities are most important for the low-mass Higgs boson searches 
and a critical parameter is the impact parameter resolution of the vertex detector. The 
improvement of the impact parameter resolution with a sensitive layer very close to 
the interaction point is illustrated in Fig. El (from ^ind ^j). In CDF this layer 
is called LOO and in D0 it is called LO. The figure shows also the b-quark tagging 
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macev] Higgs Boson Mass [GeY/c^] 



Figure 4. Left: expected SM Higgs boson production cross sections at the Tevatron 
(1.96 TeV). Right: expected Higgs boson decay branching ratios for a SM Higgs boson 
masses up to 240 GeV. At the Tevatron, bb and WW decays are dominant, in addition 
the r^r~ decay mode has a significant contribution. 

performance fTlj. An example of a quadruply b-tagged event is shown in Fig. (HI 
(from [1^]. 

Efficient B hadron tagging has already been demonstrated in data with Z ^ bb 
events. These measurements also contribute to the energy resolution and energy scale 
determinations. Figure [3 (from [lOj and shows the reconstruction of the Z ^ bb 
mass and the good agreement between data and simulation for b-tagged Z+jets events. 




I 5 Hi J nr wj ift jaa 0-5 1 1-5 2 2.5 3 3.5 4 

Pt(GcV) 0,1 1 PTiGeVlC ill m UgW Quark Mistag Rate (%> 



Figure 5. Left: CDF impact parameter resolution as a function of pt for tracks 
traversing passive material in vertex detector, with (blue dots) and without (red 
triangles) use of LOO hits. Center: D0 expected improved impact parameter resolution 
with the installation of a new vertex detector layer (LO). Right: D0 b-quark tagging 
performance. 
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Figure 6. D0 example of b-tagged event. Left: reconstructed tracks near the 
interaction point. Upper right: jets clearly visible in the calorimeter. Lower right: 
jets well separated in the 77 versus (j) plane. 



CDF Run 2 preliminary - L=333 pb 
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Figure 7. Left: CDF Z ^ bb reconstructed invariant mass for H ^ bb searches. 
Right: D0 Pt distribution for b-tagged jets of Z + jets events. 
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2.3. Gluon Fusion gg ^ H 

2.3.1. gg ^ Yi (R ^ WW) For Higgs boson masses above about 135 GeV, the 
process ggH (H WW) becomes important. The production and decay process is 
iUustrated in Fig. [HI also shown is a background process leading to the same final state 
particles. The spin information allows separation of signal and background. The angle 
between the opposite charged leptons A$ii tends to be smaller for the signal than for the 
background as shown in Fig. [HI (from ^Hl) and corresponding limits in Fig. [51 The good 
understanding of the expected background and the limits on the Higgs boson production 
cross section are shown in Fig. [HI (from J7| and JHI)- Owing to the overwhelming bb 
background, the gg ^ H (H ^ bb) channel is not feasible at the Tevatron. 



CDF Run II Preliminary, L^^, = 360 pb" 
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Figure 8. Left: gg ^ H (H ^ WW) signal and background processes. Center: 
indication of spin correlations between final state leptons and W pairs, which lead to 
different dilepton azimuthal angular (A<l>n) distributions for signal and background. 
Right: A<l>ii distribution for data, and simulated signal and background. A<l>ii is 
predicted to be smaller for the signal. 
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Figure 9. Left: CDF limits on the cross section of the gg ^ H (H ^ WW) process. 
Center: D0 reconstructed invariant mass of e/i pairs. Right: D0 limits on the cross 
section of the gg ^ H (H ^ WW) process. 
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2.4- Associated Production 

2.4-1' WH ^ bbj An important discovery channel is the reaction WH (H bb), 
where the W decays either to or jiv. The tagging of two b-quarks improves the signal 
to background ratio as shown in Fig. 021 (from ^|). Similar results are obtained from 
CDF, as shown in Fig. [TH (from PHj). 
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Figure 10. D0 WH (H bb). Left: single b-tagging. Center: double b-tagging. 
Right: production cross section limit. 



2.4.2. WH (R ^ WW) Recent results for the search WH (H WW) in the hke- 
signed charged lepton final state are shown in Figs. El (from (201) and fT!II (from [21j), 
which lead to similar sensitivity as in the H ^ bb decay mode. 
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Figure 11. CDF WH (H bb). Left: single b-tagging. Center: double b-tagging. 
Right: production cross section limit. Note that the limit is based on the single b- 
tagged sample which has a slightly stronger expected limited. 
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Figure 12. D0 WH (H WW). Left: missing transverse energy for like-sign ee 
(left), e/i (center) and fifi (right). Right: cross section hmit. 
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Figure 13. CDF WH (H WW). Left: comparison of simulated background and 
observed number of events in the plane of the second most energetic lepton pt2 versus 
di-lepton vector sumpTi2- Right: cross section limit. 
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2.4-3. ZH vVhh Both Tevatron experiments have searched for a ZH vvhh signal, 
which has a smaUer cross section compared to WH production. The results from the 
expected missing energy and b-jet signal are shown in Figs. (from [221) fTHI 
(from |2ni)- The CDF cross section limits are shown in Fig. fT?)l ffrom [2S|)- 
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Figure 14. D0 ZH (H - 

Right: cross section limit. 



bb). Left: single b-tagging. Center: double b-tagging. 




Figure 15. CDF ZH (H ^ bb). Left: 
and simulated signal and background. 



candidate event. Right: di-jet mass for data 
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2. 5. Summary of SM Higgs Cross Section Limits 

Cross section limits for a 120 GeV SM Higgs boson production are summarized in 
Table 121 At this mass the SM expectation is about a x BR = 0.1 pb for the processes 
WH Wbb and gg ^ H ^ bb processes. The current CDF and D0 limits as a 
function of the SM Higgs boson mass are given in Fig. ^1 (from [23), and also shown 
are the ratios of observed cross section limits and the expected SM cross section. 

Table 2. Summary of observed and expected limits at 95% CL from CDF and D0 
for a 120 GeV SM Higgs boson . Recently, through optimizations, the expected D0 
uuhh limit has been reduced by about a factor 2 



Channel 


experiment 


luminosity 


limit ax BR (pb) 






(pb-i) 


obs. 


exp. 




CDF 


360 


4.5 


6.9 




D0 


299-325 


5.6 


9.5 


WH ^ Iz^bb 


CDF 


319 


7.2 


5.0 




D0 


382 


7.8 


5.7 


WH ^ WWW 


CDF 


194 


9.7 


15 




D0 


363-384 


3.5 


4.2 


ZH ^ uuhh 


CDF 


289 


4.5 


3.6 




D0 


261 


8.5 


6.5 



These hmits are about a factor two weaker compared to the estimates P Ej for 
the luminosity of about 300 pb~^. Improvements wiU come from optimized b-quark 
tagging, and also from larger e//x acceptance, better jet mass resolution, and from using 
advanced analysis techniques. Higher Higgs boson sensitivities will also result from the 
luminosity increase over the next years. Currently already about 1 fb~^ is recorded per 
experiment, and the total luminosity will increase up to about 8 fb~^. Reaching the 
sensitivity of LEP (114 GeV), and extending beyond, possibly to reach 180 GeV, will be 
a large experimental challenge over the next few years. The combination of the H ^ bb 
and H WW* searches give lower sensitivity reduction around 140 GeV compared to 
the estimates shown in Fig. El Nevertheless, particular attention needs to be devoted 
to the mass region around 140 GeV for example by investigating new search reactions 
(e.g. H ^ rr [26j) which were not included in the previous estimates [HIIZI- 
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Figure 16. Left: summary of SM Higgs boson limits from CDF and D0 Higgs boson 
searches. Right: ratio of observed cross section limit and exected SM cross section. 
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2.6. Beyond the SM 

2.6.1. bbh, bbH and bbA in the General 2-Douhlet Higgs Model or MSSM Higgs boson 
production process in association with b-quarks in pp collisions has been calculated in 
two ways: in the five-flavor scheme j27j, where only one b-quark has to be present 
in the flnal state, while in the four-flavor scheme [28j, two b-quarks are explicitly 
required in the calculation. Both calculations are now available at next-to-leading order 
(NLO QCD), and agree taking into account the theoretical uncertainties. Figure fTTI 
(from [29j) illustrates these processes for h production at leading order (LO), and 
analogous diagrams can be drawn for the H and A bosons. The cross section depends 
mostly on tan^ /? and to a smaller extent on other Supersymmetric parameters as given 
by: 

tan^ (3 9 

where 5^ = /ctan/3 with k depending on the SUSY parameters, in particular also on At, 
the mixing in the scalar top sector, the gluino mass, the ji parameter, stop and sbottom 
masses. 
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Figure 17. D0. Left: leading-order Feynman diagrams for neutral Higgs boson 
production in the five-flavor scheme (top) and four-flavor scheme (bottom). Right: 
invariant mass spectrum of two leading jets in events with at least three b-tagged jets, 
estimated background, and the signal simulation for a 120 GeV Higgs boson that can 
be excluded at the 95% CL (for tan/3 ^ 30). 



There is no indication of a bbA production in the data (Fig. fTTj) . The resulting 
hmits on the production cross section, and in the MSSM are given in Fig.fTSlffrom [29j). 
Previous results by the CDF Collaboration jHOj were not confirmed with the D0 data. 
In the CDF analysis gluon parton distribution function PDFs were used that have been 
superseded, resulting in more stringent limits than would have been obtained with the 
more recent PDFs used in the D0 analysis. Figure ^1 (from includes also the 
sensitivity prospects for larger luminosities. 



New Physics Searches at the Tevatron and the LHC 



16 




Figure 18. D0. Left: expected (in absence of a signal) and measured 95% CL 
upper limits on the signal cross section as a function of ttia- The band indicates the 
zblcr range on the expected limit. Also shown is the cross section for the signal at 
tan /3 = 80 in the "no mixing" scenario of the MSSM, with the theoretical uncertainty 
indicated by the overlaid band. Right: 95% CL upper limit on tan^ as a function of 
niA for two scenarios of the MSSM, "no mixing" and "maximal mixing." In addition, 
the expected sensitivities at 95% CL for the maximal mixing scenario are shown. The 
limits obtained by the LEP experiments for the same two scenarios of the MSSM are 
given also. 



2.6.2. h, H, A ^ r+r~ The signature for h, H, A ^ r+r~ opens additional possibilities 
for Higgs boson discovery. The characteristic enhancement in the one- and three-track 
bins from hadronic r decays is shown in Fig. ^21 (from jHSl)- Tau leptons are identified 
as isolated jets with few tracks. For uia = 140 GeV, the visible mass for a simulated 
background and data is shown. The background from misidentified jets, as determined 
by the simulation, is indicated. Resulting limits in the MSSM and production cross 
section limits are given in Fig. [201 (from [S2|), also shown are the sensitivity prospects 
with larger luminosity (from [31j). 
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Figure 19. CDF. Left: track multiplicity for hadronically decaying tau candidates. 
Right: visible mass distribution for a simulated signal of tua = 140 GeV, background 
and data. 
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Figure 20. CDF. Left: excluded regions in the tan/3 versus ttia plane for the 
maximum- mixing and no- mixing scenarios with (a) /i < and (b) /i > 0. Center: 
upper limits at 95% CL on Higgs production cross section times branching fraction to 
r pairs. Right: expected tan^ sensitivities for larger luminosities. 



2.6.3. t H+b The decay of top quarks t H+b is possible in general Higgs boson 
models with two Higgs boson doublets. The expected top and charged Higgs boson 
branching fractions are shown in Fig. I2T1 (from |i33^ ) as a function of tan/3. The expected 
SM top decay rate would be modified. No deviation from the SM top decay rates are 
observed (Fig. [22|) and resulting limits are given in Fig. [23 




Figure 21. CDF. Branching ratios for a 120 GeV charged Higgs boson production 
in top decays and charged Higgs boson decays, which depends mostly on tan/? in the 
general 2-doublet Higgs model. 
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Figure 22. CDF. Expected events from top decays in different analysis channels for 
the SM and as function of tan for charged Higgs boson production. The numbers of 
data events 2, 13, 8 and 49 agree well with the SM expectations. 
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Figure 23. CDF. Limits on the charged Higgs boson mass as function of tan/3 for a 
specific set of SUSY parameters. 
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2.6.4- H ^ 77 In fermiophobic Higgs boson models, the dominant decay mode could 
be H ^ 77. No indication of a resonance has been observed in the 77 invariant mass 
spectrum and limits on the H ^ 77 production are set as shown in Fig. (from ^34i)- 

2.6.5. The possibility of doubly- charged Higgs boson exists in models with Higgs 

boson triplets. Pairs of like-sign charged leptons are expected from the decay of the 
doubly- charged Higgs bosons. No indication has been observed in the data and limits 
on the double charged Higgs boson mass from CDF ^E] and D0 are given in Fig.O 
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Figure 24. Left: D0 limits on H 
boson mass limits. 
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3. Supersymmetric Particle Searches at the Tevatron 

In the production of Supersymmetric particles (sparticles) the hghtest supersymmetric 
particle (LSP) is stable (if R-parity is conserved) and escapes detection, leading to 
missing momentum and missing energy in the recorded events. Figure OKI shows events 
with jets and large Ht defined as the sum of the transverse jet momenta for D0 
and defined as the sum of the transverse jet energies for CDF jSHj- 

Previous combined results from the LEP experiments have set limits on several 
sparticles close to the kinematic reach. Figure (SHI (from [39 ) shows the excluded 
region in the tan/? versus LSP mass plane in the MSSM, and in the Gauge Mediated 
Supersymmetry Breaking (GMSB) model. The position of an intriguing CDF ee77 
candidate event jlOj from the Tevatron Run-I is indicated (dashed line) and the GMSB 
interpretation for this event is excluded at 95% CL. 
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Figure 25. Events with large missing momentum and energy. Left: D0 Ht = 
410 GeV. Right: CDF Ht = 404 GeV. 
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Figure 26. Left: combined LEP hmits in the tan/3 versus neutrahno plane in a 
constrained MSSM. Right: combined LEP exclusion in the selectron versus neutralino 
plane from acoplanar photon searches. The CDF Run-I ee77 candidate event is 
indicated in the excluded region. 

3.1. Di-photon (G MSB Interpretation) 

In the GMSB model, chargino-neutralino production has been searched for by CDF and 
D0. The production reaction is iUustrated in Fig. EH (from ^4]j). The figure shows also 
that the expected signal and background can be well separated. There is no indication 
of a signal in the data and the combined limits on the chargino mass from CDF and 
D0 are given jl2j. 
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Figure 27. D0 GMSB. Left: production graph. Center: missing transverse energy. 
Right: combined CDF and D0 exclusion. 




Figure 28. D0. Left: tri-lepton production graph. Center: invariant di-muon mass 
m^^. Right: di-muon opening angle A(/)^^ for data, background and simulated signal. 



3.2. Tri-Lepton Signatures 

The sparticle production with a tri-lepton final state is illustrated in Fig. OHl 
Figures l28ll29| andlBfUffrom [43j) show the good agreement between data and simulated 
background for various final states with a tri-lepton signatures. There is no indication of 
a signal and resulting limits are given as a function of the chargino mass. With increasing 
luminosities 1, 2, 4, 8 fb~^ and for a scenario with maximal leptonic branching ratio, 
the expectations for the chargino mass reach are 170, 210, 235 and 265 GeV, as shown 
in Fig. EDI (from 

3.3. Scalar Quarks and Gluinos 

Depending on the masses of squarks and gluinos, either qq, gg, or qg could be produced. 
For gluinos heavier than squarks, squark pair-production dominates, leading to a 
signature of two acoplanar jets and missing energy from the escaping neutralino. If the 
squarks are heavier than gluinos, gluino pair-production is expected, leading to four, 
and more, jets. If both masses are about equal, squark-gluino production is expected. 
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Figure 29. D0. Left: minimum transverse mass m™^". Center: transverse 
momentum of the third track for data, background and simulated signal. Right: 
invariant mass of er. 
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Figure 30. D0. Left: invariant mass of fir. Center: limits from the tri-lepton 
searches. Right: sensitivity expectations from the tri-lepton searches with larger 
luminosities. 

Figures mi and IH^ (from [SZ|) show the missing Et distributions for expected signal and 
background in the three cases, and also the resulting mass limits and future sensitivity 
expectations 03j. 

3.4' Scalar Tops and Scalar Bottoms 

The pair-production of light scalar top quarks is characterized by two c-quark jets 
and missing energy if the decay into hx^ is kinematically suppressed. Currently the 
experimental cross section sensitivity approaches the expected signal cross section. More 
luminosity is required to reach sensitivity for the scalar top mass of up to about 160 to 
180 GeV, as shown in Fig. ESI (from A minimum stop-neutralino mass difference 

of about at least 35 GeV is required, unlike LEP [39j or the ILC 001, where also small 
mass differences are covered. In addition, the search for the reaction titi bb/x^/x~i>z> 
has been performed and resulting limits are shown also in Fig. IHSI (from jTTj). 

Two b-jets and missing energy from the neutralinos are expected in the final state 
of sbottom pair-production. The missing Et and mass limits in the sbottom-neutralino 
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Figure 31. D0. Left: gluino heavier than squark, squark pair-production is expected, 
leading to acoplanar di-jets. The excess at low missing Et is due to QCD background. 
Right: squark heavier than gluino, gluino pair-production is expected, leading to four 
and more jets. 




Figure 32. D0. Left: gluino and squark masses are about equal, squark-gluino 
production is expected, leading typically to three jets. The excess at low missing 
Et is due to QCD background. Right: squark-gluino mass limits. With the current 
luminosity, only a small region beyond the LEP limits near the diagonal is excluded. 
The sensitivity reach with larger luminosities is also shown. 



plane are shown in Fig. (from [48^). 
3.5. Charged Massive Particles 

The production of stable scalar tau leptons would lead to a signature in the detector like 
a pair of muons, but with invariant mass and speed inconsistent with the production 
of muon pairs. The expected speed of these charged massive particles is expected 
to be significantly different compared to muons as shown in Fig. [HSI (from ^Hl)- An 
interpretation of the results as limits on chargino masses are given in the nearly 
mass-degenerate neutralino-chargino scenario, which occurs naturally in the Anomaly 
Mediated Symmetry Breaking (AMSB) model. Also shown is an example in the MSSM 
when the chargino is Higgsino-like. 
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Figure 33. Left: CDF scalar top cross section limit. Center: CDF and D0 scalar top 
sensitivity reach. Right: D0 titi bb/i+/i~z>z> limits. The dark region in the center 
is excluded at 95%CL. 




Figure 34. D0. Left: sbottom missing Et distribution. Right: sbottom-neutralino 
mass limits. 
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Figure 35. D0. Left: speed significance of charged massive particle. Center: AMSB 
gaugino interpretation. Right: MSSM higgsino interpretation. 
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4. LHC Prospects 

The LHC will operate at 14 TeV, which is about seven times the center-of-mass energy 
of the Tevatron. This important increase extends the reach to discover new particles. 
The first collisions at the LHC are scheduled for fall 2007, and the physics data run in 
2008. 

4.1. SM Higgs Boson 

4.1.1. Production and Decay The search of the SM Higgs boson will consist of a variety 
of search channels, defined by the production and decay properties of the Higgs boson. 
The expected production cross sections and branching ratios are summarized in Fig. IHHI 
(from [Si and ^). The expected production cross sections for a 120 CeV Higgs boson 
are for the Tevatron (LHC): 1.01 pb-i(42.1 pb-^) gluon fusion, 0.071 pb-i(4.41 pb-^) 
vector boson fusion (VBF), 0.153 pb~^(1.65 pb~^) associated W production, and 
0.093 pb~-^(0.89 pb~-^) associated Z production [H|. Thus, for this Higgs boson mass 
the expected rates are typically larger by a factor 10 to 40 at the LHC compared to the 
Tevatron. 
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Figure 36. Left: expected SM Higgs boson production cross sections at the LHC 
(14 TeV). Right: expected Higgs boson decay branching ratios for a SM Higgs boson 
masses up to 1 TeV. 



4-1 '2. Sensitivity Reach For an integrated luminosity of 30 fb~^, which is expected to 
be coUected in 3 years of data-taking (2008-2010), the highest sensitivity for a SM Higgs 
boson with mass around 120 GeV SM Higgs boson is expected from the VBF process 
qqH (H r^r~). The signal significances are summarized in Fig. ITH ffrom [50j). The 
strong potential to separate a 135 GeV signal from the background, which arises mainly 
from Z T^T~ ^ is shown in Fig. (from [3Tj). The LHC will be able to cover the full 
mass range of interest with 10-30 fb~^ and will give a definitive experimental answer on 
the existence of the Higgs boson mechanism. 
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Figure 37. Left: ATLAS signal significance as a function of the SM Higgs boson 
mass. Right: CMS qqH (H t^t~) reconstructed invariant r+r~ mass for simulated 
signal and background. 



4 A. 3. Parameter Determination First measurements of the SM Higgs boson branching 
ratios times production cross sections are expected already with a luminosity of 10- 
30 fb~^. The precision depends on the Higgs boson mass, and on the luminosity 
uncertainty, as shown in Fig. OHI (from [53J) for 300 fb~-^. The figure shows also 
the precision on the SM Higgs boson coupling ratios. With an upper bound on the 
Higgs-gauge-boson couplings the absolute couplings rather than coupling ratios can be 
extracted as shown in Fig. EHI (from |MJ)- The expected precision on the measurement 
of the SM Higgs boson mass and its width is given in Fig. EHI (from [55j). 

The spin and CP-value of the Higgs boson can be determined from studying the 
gg ^ H ^ ZZ ^ 4^ process, where the ZZ production is kinematically allowed. 
Figure HHI ffrom [HHj ) illustrates the sensitive variables and shows the clear separation 
between spin and CP values. A future Linear Collider will improve both the mass and 
width determination [52j and has in addition the potential to measure the Higgs boson 
self-coupling which is directly related to the shape of the Higgs boson potential. 
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Figure 38. ATLAS. Left: expected precision on SM Higgs boson branching ratios 
times production cross sections. Center: expected precision on SM Higgs boson 
coupling ratios. Right: expected precision on SM Higgs branching ratios. 
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Figure 39. ATLAS and CMS expected precision. Left: on the SM Higgs boson mass. 
Right: on the SM Higgs boson width. 



I Polarisation of the Z Bosons from Higgs decay (100 fb ) | 














^ SM-Higgs 








ft 


\\ Spin1,CP±1 




1 

. . 1 , , . 1 . . . 


1 Spin 0, CP -1 

1 , , . 1 . . . 1 , , . 1 . . . 1 


200 


250 


m,[GeV] 



Figure 40. Left: angle (j) between the two planes defined by the leptons from the 
decay of the two Z bosons in the rest frame of the Higgs. The dashed lines represent 
the direction of motion of the leptons in the rest frame of the Z boson from which 
they originate. Angles Oi and O2 are between the negatively charged leptons and the 
direction of motion of the corresponding Z in the Higgs boson rest frame. Right: 
parameter related to the decay angles, for different Higgs boson masses. Spin and 
CP values can be well separated within the expected uncertainties. 



4.2. Beyond the SM 

4.2.1. Invisibly Decaying Higgs Bosons In models beyond the SM, the Higgs boson 
could decay invisibly, for example into a pair of neutralinos, as illustrated in Fig. ITTl 
(from [57J). The parameter ^ is defined as 5'(hZZ)/5'(HsMZZ). The sensitivity at the 
LHC extends the LEP results 



4.2.2. H r^T~ and tan/? Determination In the general 2-doublet Higgs model, 
the decay mode H t^t~ is expected to be enhanced for large values of tan/3. A 
clear signal over the background will be obtained as shown in Fig. 02] (from |SHI)- The 
measurement of the expected rate will allow the determination of tan f3 with the expected 
precision as given in Fig. 021 The precise determination of other SUSY parameters is 
an important requirement. Further measurable dependencies on tan/? of Higgs boson 
parameters have been discussed in the Linear Collider context jHSj- 
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Figure 41. ATLAS invisibly decaying Higgs bosons, 
graph. Right: sensitivity reach. 



Left: production and decay 



In the MSSM, the LHC wiU cover the entire (mA,tan/3) parameter space and one 
or more Higgs bosons wiU be detected (Fig. HHI from p^). For large tan/? several 
Higgs bosons are expected to be detected, while for medium tan (3 values and mx above 
about 200 GeV, only one SM-like Higgs boson is expected to be detected. In this 
region the determination of the underlying model is particularly challenging. Further 
measurements with higher precision to determine the underlying process will be possible 
at a future Linear Collider (for an overview see for example Ref. [FIT]). 



CO 

o 

r 50 

V 

<5 40 
o 

w 

I 30 
> 

20 



10 



CMS 

HgugY^xx^eji (+X) 
= 200 GeV/c^ 
tanp = 20 



50 




\10- 



A, H ^ TT ^ two jets + X" 
= 500 GeV/c' 
tan^ = 30 
with b tagging 



X 



100 150 200 250 300 350 400 450 500 

m,(GeV/c') 



A, = 2450 GeV/c' 
\_ n = 300GeV/c^ 
= 200 GeV/c^ 
1 TeV/c^ 



AL/L = 5% 
Ao/o = 20% 
ABR/BR = 3% 



800 1000 1200 
m,, (GeV/c') 




400 500 600 700 

m^(GeV/c') 



Figure 42. CMS. Left: H t^t~ eji (+X) expected signal and background. 
Center: H t^t~ jets (+X) expected signal and background. Right: expected 
sensitivity on tan/3 including statistical and systematic uncertainties (upper lines). 

4.3. Supersymmetric Particles 

In searches for Supersymmetric particles, the LHC has the potential for a discovery 
within a short period of data-taking. An example in the mSUGRA model is shown in 
Fig. ^ (from [SSI)- A variety of Supersymmetric reactions will be in reach of the LHC. 
While a signature from Supersymmetry at the LHC cannot escape detection, measuring 
the underlying structure is a very challenging task. Further precision measurements 
will be possible at a Linear Collider, as reviewed for example in Ref. [63j. It will be 
particular difficult for the LHC to determine the relevant scalar top parameters is the 
cosmologically interesting region of stop-neutralino co- annihilation [64j, where a future 
Linear Collider can perform precision measurements |;46j . 
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Figure 43. Expected parameter region of detection in the mx versus tan/3 plane of 
the MSSM for one or several Higgs bosons. 
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Figure 44. Squark-qluino 5<j discovery reach with a jets plus missing energy signal in 
the mSUGRA model. In the forbidden region on the left (small mo), the neutralino is 
not the LSP and in the lower region (small mi/2) there is no electro- weak symmetry 
breaking. The cosmologically plausible region is in particular near the forbidden region 
on the left (co-annihilation) and near the forbidden region near the bottom (focus- 
point). These regions could be covered within about the first year of data-taking. 
With a similar luminosity squarks of up to 2500 GeV could be discovered. 
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Much has been learned from the searches for Higgs bosons and other new particles at 
LEP. The Tevatron Run-II searches are well under way and already have set several 
limits exceeding the previous LEP limits. For the SM Higgs boson, searches for gluon 
fusion with WW decays, associated production WH with bb and WW decays, and 
ZH uuhh decays have been performed. Beyond the Standard Model, the searches 
at the Tevatron for bbA, h 77, and r+r~ have also much more potential 

for a discovery with larger luminosity. In Supersymmetry, searches for neutralinos and 
charginos in GMSB and mSUGRA models, as well as searches for squark and gluino, 
scalar tops, scalar bottoms, and scalar taus already have set new limits. In the near 
future, the LHC will extend the discovery reach in the Higgs sector, and has also the 
potential to measure the masses, branching ratios and tan/?. Supersymmetric particles 
could be discovered in a short time of operation after detector calibration and a good 
understanding of the SM backgrounds. With the operation of the Tevatron at increasing 
data rates and the LHC ahead, it is an exciting time for new discoveries. The close 
collaboration of phenomenologists and experimentalists is crucial to fully exploit the 
potential of the current and future accelerators. 
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